A small Box type solar dryer with controllable air inlet was designed and tested. The dryer had a mild steel absorber plate and a polyvinyl chloride (pvc) transparent cover and could be adjusted to allow variation in airflow rate through the drying chamber. A convectional green house covered with transparent pvc and into which a drying tray stand at a height of 90 cm above the ground was placed made up the second drying method. The rate of air flow through the green house could be controlled by adjusting the opening at either end of the tunnel. The third method of drying which also served as the control is sun drying in which case the drying trays was placed 90 cm above the ground but left unenclosed to allow free flow of ambient air. The air temperature at points just above the drying rack was monitored for all three drying systems under no load conditions from morning to late afternoon. The temperature was also monitored during drying when the trays were loaded with fish of different fillet thicknesses. The rate of loss of moisture was also monitored by weighing the fillets at regular interval until the moisture dropped to 20%, dry basis or lower. The average temperature inside the plenum chamber of the box type solar dryer was found to have a high daily value of 71.1 O C although an absolute maximum value of 74.4 O C was recorded. This maximum value could be reached on cloudless days between the hours of 13:00 and 1400. The green house recorded a slightly lower average temperature and its peak value occurred latter in the day. Both the green house and the box-type solar dryer had average drying chamber temperatures that were more than 30 centigrade degrees above ambient conditions. Both the box-type and green house type solar dryer could dry thin slices of fish fillet in 1-3 days as opposed to the 7-9 days normally required under sun drying conditions. The quality of the dry fillet was satisfactory and CIE LAB colour values did not change significantly during drying.
Introduction
The drying of fishing in developing countries is a big challenge because of the short storage life of most of the fish species [1] . Freshly harvested fish is made up of about 80% moisture which is considerably higher than many other biological products that require drying. The traditional open sun drying method that is widely used is also getting less and less popular especially for drying products that have to be sold in urban centres. Products that are designated for export and that have been solar dried can be sold at a premium prizes because of their popularity [2, 3] . Clearly therefore, there is need to research on drying alternatives that are hygienic, improve quality and are at the same time economically viable for the rural poor.
One of the oldest use of solar energy since dawn of civilization has been the drying and preservation of agricultural surpluses. Solar energy being the most abundant source of energy globally and more importantly at the equator has prompted engineers to design and develop solar dryers for solar crop drying. The solar dryers designed are broadly classified into direct, indirect and specialized solar dryers [4] . The direct category encompasses dryers that have an enclosure for the material being dried and have transparent covers and the indirect category encompass of dryers that do not receive solar radiation directly. Owing to the complexity in design of indirect solar dryers as well as the huge expenses incurred, direct solar dryers are often preferred. This is because they are constructed using readily available materials and are relatively inexpensive. Suffice it to say that the dryers can dry diverse products such as; fruits, vegetables, cereals, grains, hides, meat, fish and tobacco. Specialized dryers are normally design with special product in mind and may include hybrid system where other forms of energy are also used [5] [6] [7] . Solar dryers work best during the daylight hours and the periods when clouds do not significantly obscure the sun. Thus they do not only receive discontinuous source of energy but they also receive it at varying intensities due to the change of the position of the sun throughout the day. Hence incident sun radiations at the dryer are rarely striking the dryer normally as required for reception of maximum solar radiation intensity.
Nevertheless some structures such as greenhouse are readily available in the rural areas. They are also not being used for extended periods of time during which time certain crops for which they were intended are off season. During these off season periods the green houses can be put into other uses such as solar drying of high valued products such as fish, fruits and vegetables. The main objective of this work is to study the solar heating behaviour in a standard type green house and to compare it to that of a box type solar dryer. The other objective is to compare the drying rates of fish fillet in the green house and solar box to open sun drying.
Materials and methods

Equipment
The dryer used in this study is shown in Fig. 1(a) . It consisted of a gauge 20 mild steel flat absorber plate formed into a topless box 1.0m long by 0.8m wide and 30cm deep. The inner surface was painted black for maximum absorption of solar radiation while the outer surface was painted white. The underside and sides of the collector plate were insulated with a 15mm thick block board. The drying rack was also made of wire mesh and was 5cm above the base absorber plate. The top of the drying chamber was covered with a transparent polyvinyl chloride sheet of thickness of 20 microns. The transparent sheet was fixed onto a wooden frame that allowed it to snugly fit into the top of the drying chamber and yet be easily removable during loading and sampling. Cold air entered the drying chamber through 3mm holes drilled at the base of the wall of the box and escaped from the enclosure through the varying sizes slot cut at the top of the wall opposite the entry point. Air flow was entirely by natural convection [8] . The entire drying unit was then bolted on a metal stand and set as shown in Fig. 1 (a) so as to face east-west direction to maximize sun radiation striking the collector plate. The green house used is shown in fig 1(b) .It consist of an earthy flat surface absorber over which a transparent cover formed in a semi cylindrical shape of 4.6m length and 3.0m diameter was placed. This top and the end walls were made of two layer of transparent polyvinyl chloride sheet that completely enclosed the drying chamber. By adjusting the slit doors at each end of the green house to a pre-selected position the natural ventilation air movement through the heated space inside the green house could be maintained fairly constant. Inside the green house was built a wooden platform at a height of approximately 0.9m above the ground [9] . The drying rack that was made of wire mesh was placed on the platform so as to allow the drying product to be approximately 5cm above the rack.
The equipment used for open sun drying was an elevated wooden platform like the one used in the green house except that this time both the platform and the drying rack were positioned outside the greenhouse. The site where all drying apparatus were constructed was free from obstacles that could block the sunrays at any time during the day. The temperatures in the solar box, green house as well as the ambient temperature were measured using thermocouples that were placed at a height of at least 5 cm above the absorber surface or just above the drying rack. These were simultaneously placed in position at 8:30am in the morning and recording continued at 20 minute intervals until 16:30pm in the afternoon. The output signal for each of the thermocouples was sent to a data logger (Thermodac, model no. 5001A, Eto Denki Company, Japan) and later transferred to the computer.
Temperature measurements
Fish drying
Nile perch fish fillets were obtained from local market and kept frozen until used. Before drying the fillets were removed from the freezer and allowed to reach room temperature. The length and the width of any of fillets used in this study was maintained constant at 50mm by 50mm but the fillet slab thickness was either 10mm, 15mm or 20mm. The initial moisture content in all samples was 359% dry basis (db). (78.2% wet basis, wb) and was determined using the ASAE standard method [11, 12] .
During a drying run the filets were removed from frozen storage and allowed to thaw overnight inside a refrigerator that was set to 5 O C. In the morning the fillets were removed from the refrigerator and kept for one hour at a room temperature of 25 O C during which time they were tightly enclosed in polyethylene paper to ensure that there was neither condensation on the fillets nor was there evapouration. At 8.30am the fillets were placed on the drying racks for drying. For those drying runs when comparison between drying conditions was under consideration each of the three samples sizes (10mm, 15mm and 20mm thick fish fillets) were placed in the three systems (open sun drying, solar box and greenhouse) at the same time. The mass of each sample was measured using an electrical balance just before drying commenced. Thereafter the masses of the fillets were measured periodically as drying proceeded.
At the end of each drying day the samples were removed from their respective systems and positions and kept overnight in a room that was maintained at an average temperature of 25 O C and relative humidity of 62%. The samples were then returned to their original positions in order to continue the drying process every day until the moisture content fell to the required level. It was easy to compute the moisture content at any time using Eq.1 because both the initial mass and initial moisture content were known.
( ) 
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Tests were also carried to determine the effect of varying the ventilation openings of the solar box during drying. The fillets were fast dried in the manner described above when the solar box air exit opening was only 10mm wide. The slit opening was then increased to a width of 15mm before again drying fish fillets (10mm, 15mm and 20mm thick) as before. The final drying rum was done after increasing the air exit slit to 20mm. In order to gauge quality changes due to drying the fish fillets were determined for colour using a reflectance spectrophotometer (Model NF333, Nippon Denshoku Industries, Tokyo, Japan) which had an 8 mm probe. The measurements were done just before commencement of drying and soon after drying.
Results and discussion
The variations of the ambient temperature with time of day and for the temperature in both the solar box and greenhouse are shown in Fig.2 . The ambient temperature rose from a low of 22.5 O C at 9:30 am in the morning to reach a maximum of 37.5 O C at 13:00 hours. Thereafter the ambient temperature remained relatively steady until 15.30pm when it started to fall. Both the green house temperature and the solar box temperature increased rapidly in the morning. However the rise in temperature was more rapid in the solar box which reached a maximum of 74. The difference between drying chamber and ambient air temperature was also computed and is presented as a function of time in figure 3 . This temperature difference (∆T) is a measure of the drying potential of the air in the drying chamber since it affects the airs ability to pick up moisture and to flow in and out of the dryer. The temperature difference was observed to increase sharply in all cases from almost zero in the morning. However the difference reached a peak value much earlier in the case of the solar box when compared to the green house and it also started to fall much earlier. The ∆Ts observed in this study compare to those observed by [8] in the case of the solar box. However the temperature difference in the case of the greenhouse are lower but compare with those reported by Schavelis [10] while drying wood in an automated solar lumber dryer. Changing the width of air exit opening in the solar box to ease air flow during drying did not seem to greatly affect the rate of drying as can be seen in Fig. 4 below when slit opening is either 15 or 20mm wide. For both 15 and 20mm slit opening the moisture content after two days of drying was 0.28 and 0.29 decimal dry basis (ddb), respectively. A slit opening of 10mm however allowed the fillets to dry at a faster rate and reach a moisture content of 0.13, decimal dry basis within two days of drying. An optimal opening to allow a good balance between heat transfer inside the chamber and air flow by natural convection due to temperature difference should exist nearer to the 10mm opening especially considering that another study carried out by [8] at a slit opening of 5mm allowed acceptable drying rate and a peak temperature of 71 O C.
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The changes in moisture content when drying fish fillets of different thicknesses inside a solar box which had a 10mm air outlet slit opening are presented in Fig. 5 . The solar box dried the fish fillets to a moisture content below 0.2 (ddb) within two days in case of the 10 and 15 mm fish fillets. The main difference in the rate of drying (for the 10 and 15mm thicknesses) was apparent on the first day but diminished steadily on the second day. However, fish fillet that were 20mm thick only reached a minimum moisture content off 0.49 (ddb) in the two days of drying.
Change in moisture content with time when drying 10mm thick fish fillets under solar box, greenhouse and open sun drying systems is presented in Fig. 6 . It can be seen that the solar box has the fastest drying rate. The moisture content fell to 0.13 ddb when compared to 0.30 and 0.45 ddb under greenhouse and open sun drying, respectively. Fig 7 shows the moistures contents of 15mm thick fish fillets under the three drying systems over a three day period. The final moisture contents after three days of drying are 0.32, 0.42 and 0.55 for solar box, greenhouse and open sun drying respectively. This is much slower when compared to the drying rate of the 10mm thick slabs (Fig.  6 ).
The drying of 20mm thick fillets is presented in Fig. 8 and the final moisture contents after three days of drying arte 0.43, 0.71 and 1.33 ddb for solar box, greenhouse and open sun drying respectively. Clearly the drying rate is too slow when the fish fillet is 20mm thick. Final moisture contents of below 0.2 ddb could be reached when drying 15 mm thick fish fillets in both the solar box and the green house within three days. This moisture content is acceptable for products that are to be stored at ambient temperatures as found out by [13] . The colour of the fish fillets as recorded by the spectrophotometer are presented in Table 1 . From these values was computed the change in total colour (or total colour difference) as presented in Eq.2 and the Hue angle as presented in Eq.3 [14] . As can be seen from the table, the colour change is smallest in the solar box dried product. The hue angle of the solar box dried product is also the closet to that of fresh fish. Since product quality is usually judged by appearance during buying, the solar box dried product is likely to appear more attractive compared to the fish fillets dried by other methods. 
Conclusion
The solar box has got the fastest drying rate among the three drying systems of drying and can be used to safely dry fish fillets of thickness of up to 15mm. The other two systems of drying can be used to dry fish fillets that do not exceed a thickness of 10mm although the greenhouse can also dry 15mm thick fish fillet when the skies are completely cloudless. 
